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70 .... be_ ....... 4 .-"1&117. The,. MY. -prop-
_ti •• et w1 tIl.hal1IIc atn. .GIl4i \i ... • t ~J)er ... 
tun. Ptt...... ... .... leal .017 •• 1... !.tal. ia ..... "I-
&atl ......... rtUe. wltll tIM 1 ... et. po .... .... 
• 1 .. u ... ,..l .. all.,.. fit. al._1 ... __ .1 __ 
lroa ............. _tala. file ....... ltH all.,.. 
1IJ&eul4 p ..... a _ .. per ... avt .... whiM ...t4 be 
..,ul. .f wi thataa411tc tl1e .. loMrl.D .tt •• ". .t 
,... •• YaPora ....... leal. whl ........... tn_tloa 
.t al •• 1 ... ela'oa1_ up •• l te. i'lle all.,. abou14 
.- U. a441tl..:l PftJHtril ••• f Dar4ae ..... _r .... 
• 1 .. re.l.' ..... 
It haa .. t '-ea .... i4_re4 po.aible to 4epoolt 
. . . 
all.,.o ot al.01 aa4 e1lr_i_. ....... _i.el lIu 
be .. 4epoal'le4 h_ "."ral or ellPt17 .. i4 •• lutl ••• , 
whil. ehra.1_ i ••• po.lte4 tr_ 41.tlaetlJ .. 14 
•• 1.tl_. 
It 1. oal7 fd !'Hellt ,..aro that ehroalwa baa 'be .. 
...... ahlq al •• U04.pealt ... a_ralal17, 71.141_ 
a auo1'... hiPl7 n.i.taDt to atao8p!lerl_ .on •• loa 
aM al .. hayb. tdlu-uterl.tie • • t ut~ Dar4ae ••• 
1 
!M .. l....,.tap ....... '-1" .. lA el •• tz-"'po.lt ... 
.u __ 1 ...... Itl' ....... lIlte .... 41.te 1 ..... f 
__ tal wJa1e will .... te.t the ucler17lac evt .. . 
flo ..... 1' •• 1_ 1. theret .... ..... 11&1'1. sa .... atul 
eroa1_ .p .. lta hayO Mea .... OftI' 1at.ne41 .. ~ 
eoat •• f •• ppel' ... alekel ........ _tal boa. 
Aa el •• tro4ep •• lte4 alokel .art ......... t. ~ 
lllch l •• ter, .Wl_ La nn.etlas Cl\1&l.I", to .11"1' 
..... t tM _ t_ .. t .... ,..ot.etl .. eoatlas 
foZ' Ira ... teel. It 1. _~I"17 ... 4 tor 0l"Da-
_tal ..,..... Dle .on •• loa .... i.ti .. pZ'operti •• 
et aleke1 ............... rri ... ,lIallty .f the 
ftI't_ Wlllell _Md. be .001- Utl_ 1a on... to 
p ... t •• t .teel • 
.Al1e70 lIM'bc clIroai_ .......... titu •• t to .. 
to ro.io, t.he eon •• lft utI.. .t &aM. aa4 liquid_, 
ale.. tile.. all.,.. ..ta1a • 1..... ,.r_~ of 
aaoUae .. -tal -117 att ... 4 1Q' Ute .on •• l .... apBt. 
!lie pup- .f the ele.troUp •• lt.l_ .f .. al107 of 
elwal ... _l.el cl1n.u.;, _ the trOll er •• pp ....... 
10 to rMue the por.oiv, Whi10 at the _ tt. 
fttab1.a8 u.. .o ...... I'-... 01.t1.Q8 ,11&11 tl.. .t 
... .-1-. 111 ali. -.1'. _letaro ... ".tnotiTo 
.. i4 • ..,. be prOYODte4 trem peaetratlq tlae outer 





~ of the .. _tal.".ea ee-4 .... 1~.wlth 
oUJu _tala. lMat .. t wit.lt ... othel.". j. .--H&- .t 
Id .. l all.,.. _ .. bee •• l •• v .... o.lt.ect ...... taea. 
MUs. alek.l-.. pper (1). ai •• 1-tlll (2), 81.e1-1&-.. (I), 
.1"l-~' (4), .... ai_e1-a.lDe (5). 
Ia all _. _Itt tiLe laat _tl_4, tJae .. tal 
•• teat .t tb.e .op081ta 'YIU'i •• with t.he not10 .01 _tal. 
la .. l.ii_. __ tile ftZTeat ..... 1't7 1. lIip. liieU1-
81M al1078 are wai,_ t la taat.. altbouch the •• luti_ 
a.tala. an ..... s ot al •• 1, the 4epoait, e.atai •• 
.... a1u thaa 81.01 • 
• 1 .. 1 ... ira .en .1aal teIae .. al7 48p081 ted. 'b7 
Ln_ur (6) trOll .1SO" aa4 hSO ••• alac the latter 
1. _aa. 
111 .. 1 haa beea upoal ted. aia1al taRe.al7· with 
other _tala ia the form .f the tel'll&l7 a11078, 
Cu-lfl-Za (7). Cu-1I1-Sra (8), .. Jle-I11 ... Co (9). 
bperimaatlae _ alIroa1ta-lrOll &1107., haey& 
... __ 1 (10) foUDd. that ahJ'oal. aci4 &D4 ira aalta 
h_l ted ill a poor .epotJ1 t, an4 tAerefore, thq aaecl 
a _'Uk ....... or the a1xe4 aultat... to whieh ... 
au •• - Gee .. et auUurio .. 14. It .... t0tm4 tllat b7 
taenu1aa the eurrent 4 ... 1 Q' arJ4 lewerlJJg the tap-
enture, tile »erN.tap ot eJII"oa1_ ... 1aero ... 4. 
I . 
~---
81_ .. Bal.e ell) ..... "wDted apr ..... 
1t7 whl_ alekal ..... allroa1- ... be as..t tane.u~17 
ctep081 teet Ir_ a aol \8a ltath .-.po.e" .f eUOJRle ox14. 
(15 part.). .ona (-'0 pal't.). .ecll __ taph •• pha.te 
(50 parta) u4 the Mdtti •• • t a ai._1 aalt. !he 
te ... tun 1. 960° C. aa4 the eurnat 4eaa1v abollt 
1000 &ape.I... a. .t _thode aut .... 
Ia 1905. the firat e1e.u04.po.l,,108 of au_lUll 
... earri.4 at 'b7 CU'Yeth .. 4 cUq (12). who ah ••• d 
that the ...... tl_ .t auoa1 .... 14 (~) .at a hip 
_rnat "ca.l t7 71e14e4 _talll. elaoaiua. ..4 'Ulat 
8al ta. au .. 81llfatea. 1Ilpro'Yed the ellaraeter of 
the plate. 1he tlrat 'bath to aro ... eomaerolal ialer •• t 
.... that of SUPJ:lt (13) 18 1920. aD4 1t 1 •••• e.tlaJ.l.J 
the ... .. that uNd 1u ae4era plat1ng. Thc cOIRDlOlll3 
.... ba.th tor .Malum depoe1 tton 1e eomposed of 
2.5 • ~ aa4 about 2.5 pe. of 01'2(8;)4)3 per llter •. 
u.1a& a o&thod.e ourreut de •• 1tl' of 12-40 811tpe./aq. cia. 
_4 lead aBodes. SehDelde.1nd 8UJlIII&.1"1aes the exlst1Jac 
pateRta 4ealins with chromlum deposlt108 and etates 
tbat ao .1Aile patent or group of patents caD 80utrol 
tM aposttlo. ot chroaium fl'. uraa1. acl. bath. (1.). 
The firat ..... rel&! atteapt to •• po.lt aickel 
el •• tre17t1eal17.... ..... .,. A.4au (15) 111 1865. 
apl.,-tac a Hl.tloD .r 11'1012 aD4 aBO"'. of _t aleke1. 
At pr .... t. the atuclal'4 htA tor _ ... r.1al alckel 
48poa1tlo. 1_ .Gap ... " of the -iDsl • .alt. B1SO,.6~20. 
with B1C12-6H20 114484 to iDer ..... &11048 .01"r081 .. aDa 
R~BOs to replate the .. 141 t7. MoUa .f ... t .leke1 
OJ' el •• trol1tl. alokel are u ..... &D4 the .. ell.a.lye 
with hiCb ..... • ttl.1 •• ~ 1a the pr ...... of ehlorl' ••. 
I 
',I 
1w metal. ... be as.-l taDeoua17 81 .. t1l'040 ••• 1 te4, 
prOYIde4 the ele.trote pot •• tl&1. .f ~... two .. tela 
1B ... t .. t with a.1utl .. a of t.he11' loaa are the ..... 
Tbe 80-..1 ele.trod. pote.tiala .t .1ekel, 
ahroaS,., ... Iit7drctpa ...... -- 1. rulo I. (16) 
}lQRlL.lT. El&\.r .. - PO".l.:5J.ll: .LALS 
Hydr ..... lI. Calamel A.baolute 
CI' .0." -0.'16 -0.19 
51 -0.20 -0." 0.08 
82 0.00 .. 0.283 0.277 
T1M Benet toJ!'lftlla tor the 4etenalDatioa or 
the ol •• tro4o po\eatlal 1. 4erl.84 tra. the ..... pt 
.t ... otl. an4 .. l_tl.. pr.a.ur... Th. 8aBOt1. pr ••• -
lIro 1. tile p ....... _xertH ..,. the _tal 10 •• , or 
their ....... q to .... fl'. the 1081. to the atoai • 
• tate, aa4 the •• lut10. pre a sure 1. the t_"ell.,. of 
the -tal to 41 • .01.. or t. paBa fl'a th.e at_l. to 
tlle leal. .tata. 
11-;"" (1) 
Where 'Use •• 1.tloa 1. 80l'llal 1fl t.h r.:t.r.... to 
the p&l'tleu1u 10118, the equation 'be .... 
Ri' p 
11. • - If 1r"f 
• 
SUbtraotlq, we obtain 
RT :I.. B - iF lJl C. 
E • aine;le electrode potential 
E._ aoraal eleotrod.e pot.ential 
R • aaa edstaat 
T • abeoluto temperature 
H • v&len~e ot the .. tal 
F • Fara4ay 80D8taDt (96.540 80u1omb.) 
P • electrolytio a01utloa pressure 
t • proport1o:aal1 ty .0Jl8taB..~ 
C = aoler lon10 cgnoentrat1oa 
It the two .. tala are to aepoeit 81multaRe-
0"817, the .&1u8'8 01' E tor both must be the ...... The 
ela.Uode potential. 1. & tun.tioa of ~ .omplex 
yar1abl •• e It i. &tie.ted by .oBcentratloa~ current 
. . 
cl._1 t,-, oyen01 ~t !I"larizatioll, temperature and 
.. tho41. al107 toraatloa. 
E1:'FECT OF COllCEBTRATIOJl 
A.c.ordlllS to equat10a (1). the _lASle pOte .. 
tlal .~ a _tal .111 ..,. .1 th 80 .. ut1"a"I08. »11atl .. 
&D4 the toraatloa .r aoaplax aal t. both att •• t the 
10ll1_ eoaeelltratlea. ])11ut1011 Ie •• t :ree~aclec1 1a 
a1cke1-.hz'omium «ep081t108, aiD" both _tala are 
aol'Jlal17 depos! ted trom solut1oD. ot hiah _tal aal t 
Cluteat. 1"he _tal loa _ ... 0.trat108 1. p'eatly 
, 
p 
•• ,.4 ... , .. p ,,<:::; 
......... by UN of> .... lez aalta, .... at tM alp 
eune.t .... ltl ...... ...,. tor _t1etaatol7 ".lua 
d..po.ttl ... Ute e.1utl_ .. flU1 .. rapl417 b .... iapo'Y." 
1 ..... 1a ~_ 1_. 
The 8041_ O~ potaaaiua dLroa1_ cay_ielee are 
wak __ d thoreCora, cyui4ea as eoaplu:ea are aot 
eOlls14ere4 »r ... t1cal, altb.up lil(Oli)2 aiata. !he 
eorreapoDd.1Da COIlplex eal t. of theae metals a;re not 
common, awl while cW.romatea &Wi diohrOll&tea &1 .... 
COIlImOD, the eOl:'hapund1fts Diekel salta are wakaewa. 
Variati.. of eo ••• ntratlon ~ dilution aa4 ... plex 
loa fo~tlca are not thereto~e practleal methode of 
01'10£18£ the potentials to,sothar. 
B7 llNreae1a& the OUT.nt danet t7, the potentials 
of two _tale ............ to approaeli eMIl other, and h.... . W. the 4.1tfereDa. Htweea tao 81D&le al.,troda 
pOhatlale ot Jrl (-0.20) ad or (-0.47) 1e 01117 0.27 
Ye1te, the .. poteatla18 Should become .qual at higher 
~t densities. The current 4eu.i~-poteDtia1 CUFYe. 
11ft al ... 111 71". I. The .&lva. tor ahromium (1'1) un 
that at hlch oun:ent aul tl... the curYe beWia 41.tia.t-
17 to the right. The 0UJ'Ye for u.kel (18), _11e .817 
&",&11 .. 1. tor 1011' current 4eDal tIe.. be.au_ flqerl-
meatal work hu been earried. OIl only at th ... low 
• 
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... r.at .... Iile ...... tbat U \he Tal ....... ..v.. 
;pola ... the ......... at alHNt 20 ..... /-a .... 
!hI .... 14 1e&4 _ w ..,..t that at hi. O1UTeat 
.... 1 tl... tlMt .e _tal. II1Pt '" .S-I tau_.ly 
".poelW. 
DTZeT OF CURRDf DDSlft' 
'l'.b.ere 1. wi •• 'hZ'1 .... 1& the .tte.t o~ nrreat 
•• Del t7 _ the two _tal.. Ia )(lSO, eolatl.... aD 
laa'e_4 .uneat .... lt7 0 __ •• sreater .1ectro. n... re_1 '1Jla la a IIOre rapid "poal tloa ot alokel. 
Ia ~ .. lu.tio ••• a low arreat .e .. lt7 _:I'a17 et:r •• t • 
• partial r .... tl .. of erYl k CrIll. lNt 408e aot 
complete tbe re.otl .. to the _tall! •• tat •• It 1. 
-17 .ea the arret de .. 1 't¥ excee •• a pola' at which. 
the 41 .. b arp pot.eatlal of _:u-oat_ HO ... equal t. 
that 0'1 1a7"'". that _tal 1 ... ,0.1 te4. 
'1'h.l ... _labl.. our.reat .... 1 t7,le •• t .0 aport-
ant 1a aleIt.l clepo.l tlO11, tor & aoo4 4apo.l t ... be 
obtai_a. 1'1'_ 0.1 - 10.0 aap •• /aq .......... ~e teaper-
atve ltelDa be14 eonat.ant. aD lDOr .... 1D carreat 
48 •• 1 t7 rill al .. e t1raer sr&1 .. 4 48po.l ta, .lac .... 
... 181 are tozwe4 more rapl41y. ..el tho .. already 
1'-..4 haTe DO perl04 ot lI"owth. Bel .. IIIOre el •• tra-





- .. 14 _l.ti ... __ .... 1 •••• 1"'84 .1t11. tJae at.81 
wld.u teD4a te ,I .... t1ae-paiae4, the. _rittle 
plat •• 
8eluaei4 .. 1a4 (19) ..... "that 1 .... 8 ... d nneDt 
.... 1_ r8nl t. ill lMn_4 4NI'1" •• t .ttl.1.U7 tor 
........ &1 l"&t10. of ern/SO., ... 1&.1. r_lta au. that 
\h. nap for It .. l .. t ehzooai_ 4.p .. 1 h 1 •• 1"aM 
.. the _n •• t cl8 .. it)' I ........ ChD!r •• ' .... ~t7 .... 
.. • tt .. , _ the fOl'll&tl ••• , ~III, the NXs.-
-, of *1_ 1. t ........ t 1 .......... t 48 •• 1tl ••• 
The '7»8 of _terlal ......... tJt. ... baa _ .tt •• t .. 
CJoIII ... t1l41" 1t7 Luk ••• (28), •• toad that 81ekel 
..... til ... _tarial to ..... tile l_t .out ot CrIll, 
eopper aore, .. 4 1 ... thelarge.t aaouat. 
1'Il ..... tloa la the aeparate 4e»0.ltl0. ot 
.latel ... • .. ..t.. 1. as to110wal 
er++ +- 2 • ~ 01-. 
++ 
Bl +- 2 • ~ Bl-
u, 1a othel:' wor4a. the "epo.ltl .. ot eltlaer -tal 
.. ,.... on 'Uae Pft ..... ot l1i: .. 1_, lOll •• III the .... 
.r .1 .. 1, tile 1t1Tal •• , 1 ••• an ph .. at 1a the 
•• 1.tl .. ot .'SO •• widl. 1. Cr03' til. llexaTal •• , 1 ... 
... , " re4u.eecl to the 111"'&1e.' .tat •• LI81tr.lell (21) 
....... the ext.tea.. ot .. • •• 11111rl-. 
Or++ + 2H+~ c;+++Ha 
11 
.. 
....... tllh -, .... 1. h aplala the nolu\l .. d 
___ nUl tile t .... \l_ o~ Y&l ..... ae poteaU&1. 
~ tM _0 ......... are 
-0.412 Yo1t. 884 
-0.55' Yolta. (22) 
AeeoH1_ to SU .. t (as) ...... I\loa of.J:lroaiua 
t~_ CI'Oa • Cra( 80')1 _latl ••• at a040rate aureat 
.... 1tl •• , 1 .... -.pule" ttr.t b7 the tOl'll&tl .. of 
a tlla OR the ... thMe wl'tb • __ 17 uutral .. lutloa 
1ll eoatut ,i th It, .hUe at hi per ourreat cle.ol tie., 
a fila toaa aa4 __ .... 1. 0'Y01T84. 
1 ..... ra1. at llip earn." ..... ltl •• , ... weald 
espeet the ,..01bl11~ of .t.ultaDeou8 •• poaitlos.ot 
ehroal... _d al.el. Tlle .ttleieaq, clu. to the e'Yolu-
tl0D ot )qu .... ,. .... 14 b. low. aD4 the l'eeultlDa 
"poatt • ..,. be Rittle. due t.o &C180r",,- )aydroa ••• 
·1 .......... .urreat .... itl •• would iaer ..... tho 
a._l __ tellt ~ & Yalu where the oureat "en.lty-
ell .. harp poteatla.l. eun •• oro •• eaeh oth.r, aDd 
UOTO that poiDt ... would ape.t an 1aereaae4 aaGunt 
.f alek.1 1. the 'epoelt. 
!Ule 1 .... that lJotll al.e1 U4 abrat_ are 
0.2 .... 0.', ... olt. reapeetl ... e17. &be ... o hydroao. lJa the 
eleotr.cha.1.al "1'1 •• , aa4 .... the .opo.itl0. 1 • 
,. 
,. 
4lUT1.. oat fl'. 1I01.tl.... ..1'8&1 wi ill r ..... ' to 
_tal 1_. then 18 • pftteft.'l&1 41 .. h..... et 
IQ'u",,_ .iaN .. lowl'. pat •• tlal 1. "4.111 ... 4 ,. 
_poatt 11741' .... \baa 1 ...... ..,. t. d.p •• it .1thel" _tal. 1'llere1'on. c .... lac "GI'a .s..u.l ....... ~ .. ltA 
the 4e»oa1tl_ ~ eltMl" _t.a1. ftIJ.. larp .,..lUlle 0( ... 
lQrflr ..... wlUol'l 1" ... 1 .... _ .. lMI'M1. ~.,. _ ••• 
• 1 .... thole .ttlel--., tOI" depo.ltl.a. 
'I'lue1 ... __ ..... 1t.. tI' .. • 01\1tl_ of 1 •• 
pili -13, 'bel ... 3.0, .. 111& .1pe .. eUTel1t , ... ltle. 
tllu wlth aehltl_ .t e.-oall u .... »II (6.6). Tlle 
lMn ...... 14 at ... ode .on .. l •• but 1_1'. tbe 
eurnat .ttle181M7 to about 76$ f..e to l&l'p .. wah 
ot lIT ....... be"" 4lMharp. (a4e). 
'1'he •• erToltasea ot the two _tala &l'e ai ..... 
1D 1'ab18 II (25). The .. llydrogen ..... rvoltapa ~.r. 
_uretl in 2 11. H2SO, ... turate4 with ~4rose •• 
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'lbe.. 'f'&l.1I.. .OW that tOl" alekel the oy.r-
... oltace 1Mn .... with etlrNat 4eaelt7. B •• al ••• 
... • 'Y&1labl. tor ..... rro1t .... ot alakel-ehrea1_ 
al107.' lMat .11l0. the ooaatlt.tl .. 41acr_ (:rl,. II) (31) 
1D41 .. te. that the. _tal. tora ... rio. ot •• 114 
.01.tl.... the 0"1'01"1'01 t.ase .t the alloy 1. probablJ· 
iaterM4iate .. tn_ that .~ al •• 1 .... that ot ollrea1ua. 
!be .. -.l ••• tor oTenolt ... would 18410ate \bat 
there Ie a p ... ibl11t7 of •• po.lt1aa 81okoltroa a 
'bath .t 1 .. pi{ u4 the ailral taueo.. ..po81 tloa ot the 
two _tal. wmal. 'be po.81bl.. ofta though It 1. Me .... 
paale4 bJ' a ..... fl.p •• lttOD fd lQ' ....... 
~fare b74r.... will be 41aeharSe4 trea • · •• 1utl •• , 
au 01 •• tr_tl.0 torce au.t be lapre •• o. whiGh excee4. 
the h7uocea O't'e"oltqe .t the _tal. Wheth.r a .. tal. 
11741"..... 01" _til 9111 'bo "po.l te4. clep.Del. OIl the 
.... 1 •••• r liia .... lftt .. utera1ae4 '07 .EquatloD I. where 
lr-. 1. the .lael. .1 •• UHe poteatlal for tl'ae _tal, 
aa4 l\. 1. the .1rIa10 el.cUo'" powlltlal. tor }qdro .... 
It • 1. le88 .l.,otr ... gatl.... thaa~. oal7 _tal will 
.eposlt ... 1a na. III-A.. It Ea Ie _1"8 eleotr_ .. tl" 
thaa 1\t. ~ qvopa 9111 lie I1beratH. "'pt whore 
lI.b pl •• the ..... ".1 tap 1. snater thaa .... 
18 Fig. I11-B (26) the eftno1tag. ot the .. tal 
fOl" a SI ... 8 ClUTeat .... ItJ'. 18 equal. to that ot the 
_........ ... ..... tile two will upoal. hptael' .• 
_ .. It la al .. poaalbla , •• "tala the __ re1.'1 __ 
1Itd, f. we _tala, ... la tal. _"I' tOD .. 
allq f4 the .. _tal •• 
Polarl_'l_ .,. be 4I4tiM4 ..... _te .. e1e .. 
.... '1 .... tor .. _ ... 4 07 the clapletlO8 fit _.~ ••. 
... 4 Sa the nutloa. tutes" thaD the,. ..... It.pl ...... 
o:r 'Use tozaatloa of the »r04uct. o£ tbe "84tloa 
taater tiIaD they ... be rea.Ted. 
fte nie of .,1eiioa fJf 1._ ill the n810a ot 
..... thode ..-1 •• with tile *'IlTeai 4eaa1t7. neult1»c 
1. aD 1acn... 1a pol_i._tiN, thtl. requ1rlBc & 
are.ter poteatial to 0'0'-111 the ".ired curre.t. !be 
...-reat .... lq ... U .......... poteatl&l our ..... (F1a.l) 
.... tiDat the eurw tor 81_e1 at h.1ch elUTe.t .ea-
.ltl .. 18 le •• ele.tlt_cat1 .. tau ... aroalua 
..,.... aa4 .. ~-.d4 ape." the 48poa1 tloD of al_el 
froa the .. poteat1al nrn8 alo_. e..-ea t.b.ouP there 
wen .0 4epolU'ls1ac .. tioll. B7 _polaris1. _ of 
tile _bl. •• the 411M1h.a.rp po ••• t1al. or ... other 
-tal 18 .... --17 .. -.1. t. that .f tlle ".,01_1_4 
_tal. DU. "polarl_t1.. ...... tlle fo .... tl.. of _ 
al107 aIld the ... _tala are p ...... t 01 tiler ... & 
l' 
....... _ • ao~1" M1u'1 ... (2'1) The. Jotellti&lof 
a _tal 1a • 8Olutloa ot It. 1 ......... w1th the 
808M.vatioD ot the.. 1... aD4 th~ ... teatlal" lure .... 
u the soluUon 'be ..... _re elllut., lNt thla -_ 
la Dot • 41reet tuaet1ca of. ~ "~uatl ....... . 
It oid'oal_ 1. depelarlaed ... ,. nickel, Ulen 18 .• 
pO.81bl11~ of .t.ult ...... depoelt1_ at a lower 
pet.eatlal. 
'lbe c.atiwt1_ 41 ..... tor ~ __ .lek.l . 
allOY8 (Fia. II) ...... that 81.el aU ehrea1ua tora 
a • .-plate eer1e. of 80114 •• 1utloaa wl(h • a1at.wa. 
1'Ae JOtentl&l t • ., 'Yary,... .Cllp081 tie of the all07 
wOtllcl theretore '" late .... l.te between tho.. .f tae 
two metala, and saul taneoua depoei tien would 'be 
expe.te4. 
III the a.posl tl.~ 01' .at .. tala. aD04.. cd ta. 
n.,..t1ft _tal. g. u.aect la allOJ' depoaltlOli. It ia 
_t_.~ to un _04 •• ~ oaeh .. tal or eut .... 
or the allo7 1Il the ratio "'s1re4. For praotleal all07 . 
depoaS.tlO1l. the composition o~ the _til Dl8t ..-in 
eoaetut, and cOD8equent17. an anode ot the two _tala 
is neDIUI&'q, web. \hat the metale rill dl •• 01 .... 1. 
the __ ratio as they are nato"4 fl' •• o1ut1 .. . 
In ehr_lum uposttl_. T&1'10 •• anode. haYe 
be •• 1aTeatlp.te4 (28). }fluel aD4 lroa ....... 
'be ... puslYe 18 oxl41s1Jas .olutloll~. c:br-~-
t. atee1 redel's It unf1t tor an04e ue, slue lt 
1. too .... 117 ox.141ze4 1Il the 01'03 aoht~OD •.. 
F.rl'o-chrala. and 1I1..oZ' allOY8 (CAr .. l, 1I1ehroae. 
eta.) are worthless &8 anode •• 
In 81akel 4e»081tlO8. ,.re 81 •• trollt1 • 
• 1ekel 'b •• oaea pas.lye anA auch _ettar r •• ult ....... 
olJta1ne4 bJ' usl.. _t ........ 1 th a .all ... _t 
.t lmpurl tles·. ID. .-tier to ald &rlO4e .orro.l~ • 
.. soluble ehlorlcle 1. adde .. , preferably 11lCl2-6U20, .ta.. 1 t Baa tl'le a4 ....... taae or addlng a .0IIIlfl0ll loa 
thu.a repreaslag ':~he (SO, _.) J whIch, 18 .... .t the 
a1ze4 bath of 11180, .. Cr03' 1. lD ua.a. ot the 
pref.rab1e ratlo ot arYl/SO, .t 50-1 aa r •• ommeD4e4 
'-7 s.Jma14ew1D4. (19) 
Leu aIlocle. toZ' el'aomiUBl plat1q are l •• s 
ao11lble at 1 ... 'teIIperatlln8 but ~ •• lable at h1ah 
teaperatue. thari lrea. Sch1rarta (29) taToZ'e. the ... 
of eJlrc.1_ or teno-eh.romlua an04es but Watt. (28) 
t .... tM ..... • tt181ea..,- was createl" t.aan the 
eatlle4e .tt181.-.. The 8.1leat re.or48 of ehroal_ 
4epoal tloa re .. al that »latiDum anode. weft used. 
Pl&eet aa4 :Bouet (30) were the ~lrat to aeutloD the 
" 
j 
" fi. "'''. 1_ .+. .• _. 
<. ~ i'. '<". '1 
__ o~ lead .. odea. the ~eq:. ... held 'b7 ee ... era.l 
_til .... of the 1I .. ~1 .... etlaa4 ....... tor the 
_1_tl .. of: CltIII t,o CrVl, 1. tiaat 81 ther a ..... te 
.. &Il _1_ 1. t...... .. the lead. ..... t.h1. ox141 .. . 
the vl .. alot ohraa1a to tlae hez&'t'alut state. 
S1Bee 1... 1. aot, aaecl to aupp17 _UJ. 1_. 
tile .... lri t7 Is .... .,. ta'Yorable t. _lflatloa aa4 the 
-.1JItuuoe fd ... 111el __ wee. crIll .... c.-Yl• 
It til. utt4e ettlcl •• q 1. 1_. .u... eath04e ettlo-
"e __ at u. IdOkel 'Datil 1 ............. e to Uaeft .... 
.. 141"". lRat, thi. tIleer.y 4 ... aot a,pply ...... r the 
• ...u.tloaa or till. l ..... .nlptloa la whieh iaa.l"~1. 




~ .. _ .. at .. l )say ••• \ _a. :,~ ..... l~ 
e1MVodQoalU4 .a.at __ all' trea __ -. ~1~~1~. 
man.t._ 1. qul~ "peal"l. tr_ .. ~ .• ~ .. 1~ »lI. 
-u. a1K_l 1a "pod hI. 1'1"_ a baa witA .. JB of 
I' abftl4 lte ,. .. 5:-'1., 1loweyw. _ ..... It tile .. 
• - • ..' > ' •• - •••• _tal. h __ ... 14 aolutloa. ~ai •• lUp .~_, 
.... iV ... tM Oftnoltap 1aen-... w:lth eur.nat . 
•• aa1\T, .a. u.... eurhDt ~1Q''''laehar .. po~tla1 
...... tu l11ek.l &ad. chrOll1_ ero •• at hlgh aurnnt 
Multi ••• !he 4itt1'l.luey .f 4e;poeltloa of. the 
a1eke1-~_ al1ol" fioa .... ld .. llltJ.oa wnl4 
'- .1 .. , .. to lIyU .... eftl.t1ea. 

The )JUr»~ ot thla iDeatlp.tl. was to attempt 
the a1Dltlt_ .. _ .. alt.lo& of all07_ of alckel aDd. 
olIreal_ ~r_ 1Ml-". 80l1ltlO88. Theft haa lite_ 80 
pnyloua ... rk ftpo~cl 011 tnl. all07. aD4 the a:.per-
1Matal work .. a .. 1H4 It .. 1f lat. a .wq ot (1) a 
nlta1tla bath tor aapoaltl_ aac1 (2) tha Nat operat1aa 
oODtitloaa. 
Chr.a1_. aa pr .. loual3 _tlo_4, baa beea plat. ... 
tr. ehrai ... 14 801atl_. 1Mt the al •• tro4epoa1tloa 
of alokel baa bee. lla1tM to _olatl .. fd & pH ot 5, 
except 1a .. ___ tl0ae4. !huB. praT10._ work 
aucseate4 tb. tmpraetlo&bl11~ ot atmultaDeoua depoalt.loa. 
:B1aa.t:7 aa4 '-1"IIU7 al107_ ••• Mea euoaeaat'ull3 
481'081 teel trca 07 .. 1.. aolut,loaa &ad the.. eolutlO1'l. 
__ tect u.m..l ... e_ tor '.poBltion .t Dlokel-ohroal_ 
all.8 • 
.. letal 07aa14e ... prepal'e4 whell aiotal ohlori~ ..... 
treateta with a .... atr&te4 .. ll1tl_ .t I:OH .......... 
XCB. It ..... r .... lapo .. lbla to pnpan a 4 .. ible Mtl1_ 
er po'taaal .. otrr_l_ .,. .. 1... .... XCB' ... a4de4 to Cl'Cl~. 
cyuopa _ ..... 1'9'84. but wlIea .... alllal1De, Cr(OH)3 
,. 
!$Ii!, ., I> ? ~ • 
... preet..lta ....... _ an .. l1I1tle Sa ..... Ea. 
1'an.- .tIler _ ... nI'al .at ... ..r »ft» ...... \be 
.... 1a •• " ... 1_ ......... 4l7Ml .. wen \riM ... 
":peal""" tha .,.&11"" Rlutl_ ............... 
A ....... at .. 1 platlllc _til te D1e1l _n 
...... .......t ....... _ aalt.a .... aat Vie4. Kaeeo, 
.. Cs'.(80 .. )a _n ............... _ Mlta. 
!JI.e .... Ilbat.l .. d tlI.e ... be4 bath. wu • 
• 1-'.6][&0 ____ l~ .... /1. 
EaCZO ..... _ _ _ _ _ 120 .... /1. 
C1"2( 80')1 _ _ _ _ I •• /1. 
i'llla .. 111tl ............ 14 wlUl BaSO,. Mate« 
t. eo- C ..... "".wei at $ •• 1te ... 1.1.5 8»./ ....... 
•• lIIa c. _til ........ Pb .. 04... ftle "_l'ha 4e»0.1 t 
.... _11 Cft7. hrU1er U',JU'Deat ••• lac thle 'Datil , 
.... 1' ftl7las .oa41tl_ .14 aot Clft _tletut02",Y 
n_lta, .... ehr ........ f .... la the upoalt. 
Blobl 0 .. be ...... aft&l17 .. ,oalh4 tr. a 
eclutt .. of lIUW.. .... )fiCla, ... ohzooai_ 1. ._r-
.1&117 4epu1t04 Ira a _111\1 .. of CW'OI' \)' ... relon, 
U. .u..,. Dou14 ....... proper OOJlvo1 .f ooa41 tl_, 
M ..... 1 •• tr_ a a1se4 _til. A. ... tIl -Wa1raa \lie 
• .-laats.. ... pn ... « •• 1ae tile "ell""" ........ 
.. atl_. 
Cr<l3 _____ 250 "../1. 
)(ISo.&-61120 __ 250 111./1. 
lI1C1.- 6H20 _ _ 15 .,../1. 
..,. •• 1118 .,Id. ... 1 • .,1_ .t. 11 _./ ...... , .• 
'tal .. '.puit .... 'btalDe4 whi_ Pft ,lI&lltat.lft 
teab tor _otll. at.al ... elI:ra1-. !hl. _tJl la41 •• 'e4 
'Ulat tile .. _tala .01IlA .... a1au1t ... oul7 _ .. a1tN 
f1o_ .. .. 14 "0., TM n.t .... ., the won ... ~ • 
.. Uta thl. _0. aM ...-.r1aa PIe ._ .. u.t~_ .... 
epth.tbc ..... 1tl ••• 
Steek .. lut1 ... wen JreP8ft4 ... ta1.i. Jl1S04-
IIlela eat CI'Oa lJI .o .... trat.l_ anate.. tlIa ..,. 
81_ we_ t .... 11'" la the law.'1ptl... 1'Jae Ai .. 1 
l.laaa _tal ... 51SO, .. 600 "../1. ... .1Cla - JO p./l. 
_4 tlIe Or.1_ bath .... 1 .. 4 ~ - 6~ p.I;.,. 
TIle lIl80. waa ,...pa:n4 _ rMZ7.talll.u.. .. 
•• 1.t1 .. f4 t.eUa1nl .1SO". ..4 t.he 51C12 ... }trepan4 
'IJ7 tJaa .. tl_ ..r ...... uate4 Bel .. c. P. Ji100$_ After 
.. t.l_ laad. ..... , t1Ie aolat.loa ... e'l1i.pos-ate4 t. • 
...,. .... tiMe1'" ... ftG7.t.al.llae" t.o reaen tM 
-.e .. Hel, _1_ ..-14 taacl t.o Mlte the II1xd plat.lac 
b.tIl -.n .. 14. 
file plat1Jtc .. 111ti_ wen _.17&84 "puatel¥ 
to 4eteJlll1Be the _t&l _te.t. The ... .s._ .81,..1 • 
........ yol_trlealJ, 117 •• lac U _4 tivat!,. tu 
...... 1 .. 1_ w1t1l -n.o BaalaOa. 1'U alalc:el .. 1.tl.a 
..... ~ 'by tM IOt_l- .. _148 _tllod.. !he .. 
_th.o4a were ...... 1.4 _t .. 41nete4 b7 -s.ottt. 
Teehal.u llethod. o-r AIIal,yal.·. the NJ.tL1:7.' _ ... 4. 
51ckel ______ 54.9 ... /1. 
CIrHa1ta _____ 210.4 ... /1. 
Ala .. tt .... " to 4eteralae tlw pH o-r Ute ,latlaa _til __ .1 .. --.vl. tltntl_ ••• 1ac the ,.1..,u ... 
• 1 .. tn4e, ~ . __ .at\tl .1aee tlut .tr ... 
• _.a~tl .. fd .......u ... 14 "aapoae4 tn. ._1 ... 
Jv'dr0De. lad1_t.a _" BOt he14.11' .. '1.&1 ..... to 
tIM 4Iuk nA .. 1_ et tke a.l.t1., _le. would 
... 117 ... ..,. eoloZ' _ .... la the lJa41eator. 
tiBliB 111 
StJDaBY 07 COJIPOSI'fIOJr a. l.IL'ICmoLYSIS lW!H1 -_til C_at ... 1.. 1a ... _ pel" 11ter Batle 
h. C.o, ... so. 111012 CI" 1'1 cr._s. 
1 aeo 210 1& 101.21 29.46 I.U 
2 aoo 200 12 84.18 21.96 3.83 
-I 1M 166 10 '9.41 18.12 1.83 , 12& 125 7.5 52.61 13.73 3.81 
I 1. a45 '.5 52.61 26.81 1.91 
6 166 241 '7.5 66.66 aG.Gl 2.46 
ftae ..... ao1.tl_ weft ............ 1. to 
WId_ were e44e4 ...,.1 ..... ta d M14. 'Mae ... 
... ltl ...... t •• 
1'lle _thIMI ~ _.I,.al. ot tile .. ,..S ta 
... 1 .... III cU. ••• l ... tac the allo,. 1a •• _v..te4 
BC1 .. 41'ri4bc Ule .. 1.tl_ tat. two ~l'tl_ • 
... of wIllell __ te ... ter ai._l. tU .tlles- tor .... 1_. 
!.U ,u.alltatl.,. _thocl ..... t~ a1eb1 ~t 
tile laftnlptloa "u to .ate tbe .. 1at1_ .~Qliae 
with -,CI:I .. _4 a f. Cop ~ cU. .. Utrl N_t •• 
... .. ted. a red pne1»lt.ate p ...... 140"ltl .. tl_ 
tor at .. l. Dle .... tl_ .f ........ nctll1n. the 
ai.a.tloa 01 Cst +++ te ~++++++ • 'l1I.e Ml1atl_ ... -..is 
alka1. ... wi'" 1.& .... WaeOa ............ the 
.. 181_ "11" .atU • e1M1t 7011 .. hl_ .. pe ..... 
.leets.. .. 14 ...... 84 ... a 7011- pnei,ltate riD. 
ltcri_ ae.tau .. ltarlU1l ehlor1cle. ill aa ' ..... fit. 
... 'l'" _14 ...... t.IIe pe ..... or ...... _. Cop", 
....... 1 .......... n _~ -.u,.,. ....... -lite' 
u1Ule b HCl ... Mlet1 ..... tal ..... t ..:Q' Ute 
..... It _t pan or .. ___ tal 1tII1eIl laWrhn4 
with the .... tl_. l~ ....... ...., to ~ t:be 
tonJ.ca _tal beton tIt.e qullt&tl'ft •• t ........ 
2M .. lat_ .. eluUol7" I.a a .,.aWl1a1lla 
41*(10 _. III U_teZ') 'lNt. 'MakU. wn _.4 lateI'. 
Ia "'1' to ...... la ... Q aD4 ... 'u .... tou aaocl •• 
.. 1000 •••• _~ YU ..... lrtat 'Whee -.11 ",oluM. 
or .. lat1oa aa4 ....... are belac ...... 4OO-eOO ......... r. _" .'1.,. .. ,..,.,. 
'l.lt.e aao«e. we ... ot 1 .... app.-.1a.t817 16 ...... 
la .... and. the ateel, .opper an4 platina oatho4e. 
wen approxS_te17 25 eq.em. 111 "&to The ... area 
0'1 ..... aa4 oatho4e nrtaeeJ that le, about 0.1 1Itl .... , 
... s..erae4 1a the lI0111t1_, 1B orior to IlaS.Dtala 
••• al ~.t .... 1tl .... bota. 
All 1utr.eat'MaN (]fle. IY) &a .... eOllJlet. 
_.wol ..r tile eld'ftDt 'Ua.'u th_ Mode8 aa4 .ath .... 
... the m cop "GO the batA. 1'h.e i.aat.J:1.lMat 
la .......... "1 .. 4 with aM1_teh tor MaRI"iaa the 
eaneDt ettlei.e..,. ... & potut1 .. 'er tor 4etend.alac 
....... cath ... pelulat1oa. i'Ile .. popenl •• "':r • 
•• , etta., .. , .. the pnlialaar.y aatun td the .on 
414 aot Jua'lf.y t:U.. ..tel'lll ... \1.... rlM1!' t.nJle1" 
et1lq. koRftSO. 1. re.~"". 
hell • ...,. .perS-.tal work alt. . d Qat .. 
all.,. ot .... 1 ... aJ.ek.l _.-14 be el •• uo4epoalte4 
boa .. 801.tl_ eoatalal •• ~ - .210 p./1., 
.1SO, - 180 ... /1., .... IC12 • 15 p./1 •••• lIIa & 
.. 
s .. c. 
r, G, IV 
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1 ........... a .. »pu aatllo4e • .,.za'tll1&.at 
11 ....; ...... aa4 GOO C. 'bath teIlpe7ature. 
lI1eIrthlJral. htha .~ tlIe ooapoGi tloa Sly. la 
7abl. III were ...... Th.e tS- of tile el •• u-olfala 
... _ boar, ua1e •• otl1elwi .. 1lOte4. 
aau.. It ... \a1D1Itc 260 ... /1. Cr~. 250 .,../1. 
lI1SO... aul 15 .. ./1. lilela.... operated. ., 25-zrO c • 
.... 'f'U7Sac __ ltl._ ~ euftel1" "lUIi~. 
T.ABIZ IT 
:DJ'ECT O. CATHOllI JUt.TJmlALS 01 lSATH I 
cune.t. Catllo4e llepo.l~ :oe":!1 ...,~ . 
8.1 le ... 
ehI' __ 
10.0 lead ehroai __ nlokel 
4.0 lroa Biuel 
6.1 11"ce a1ekel 
6.8 u_ 8iakel 
8.~ lroD 81.al 
Uas.a, lead .. 0.048., CI' .... 48poel ... , 'Mlt Uta . 
"peal' .... Bot ad1Ilenat _4 ""7:7 ...... 17_ eatko4ea 
.ft"" to obta1D a bl"1&htu ..., ... OIl the --
_tal .... oJlll' a1ekel .... 4epoa1te4 • 
.. 
• 
\'Jle _ aolutloa ..... -_ValI.1. .1 th JltIOB 
... the 'bath te.pehtllre ele ... ate4 t.o 60° C. The "aalt. 
an _ .. ill Tele Y. 
'fAll'Ll. V ' 
DTECT OF Cl.JRJtD'l BlfSI1'r 01' BAS ]'; 
AftIB DDm.u..IJJ.TI<la WIm BAQB 
c. ..... 
Ca'Ut04e Depos1t »eDltlt7 -./..,.. 
liS •• H .... .. 111 .. 1 
20.0 H euoa1 .. _leke1 
25.0 pt elrrea1 __ alokel 
A1 'thCN.Cb tile eb.rOlll ...... 1ek.l allG7 .... obt.l~. 
ta W. _treJ. .. 1ut1ea. the up.ai t ... .,...,. pOOl" 
........ anI. ...... :l~ peele4 tr_ the platl_. 
'1'.be_ nRlta _. that it Ute .. 1'it)' 1. _ ..... 4. 
])aUt. I .1ft. tie»_l t. .~ tll. all.,. 0:£ aleke1 aa4 
...... -. lNt tile 4ep •• 1t.. _ ... 4lIll .... roup. TlI.e .. 
Z'...p .. poetta .... a .. tlaat \00 hiP ....... auet1. 
-- Ml .......... Batll II ... pn;pan4. 
TIll. bath coata1ne4 200 p../1. CI'O,. 200 p./l. 
51SO .... 12 ... /1 •• ICla- It .... oper.tea at JO. C. 
aaI 15 -../ ... 2 8cMU._ 1Q' ... 1 ..... _4414 1Jl aal1 
a.n.Dt •• aa4 Table VI .1 .... tile reaulta • 
. , 
It 
Bae. nalw ... tJaat ...... _ 18 •• t ..... 1_' 
twa. Mi_t.t_ Me IalkallM wi ..... '1'Jle ..... tel' 
.r tM • .,..lta _ ....... , ,..t • __ S .... "he lJl'tpt. 
... .o.nat.. alUt ..... tile .... Mit.l __ •• , ...... ir-
, ... 
··~n 
U .. .lei' a. -.oK • ll&D 11 ... 
... /1. Ca ___ ...... ' 
••• C. lIdPt. ill ... tu. nt. 1:"..:' ht.t_. 
:a-al •• 1 
8.0 C. r~·""~-· 
I.LO e. _~t. ...... lAId .... 
.1~ 41111 at. _ ..... _ len1 
... lImtat.lp.ll_ ............ Sac 1 ... .. 
• _Vatl .... Jlatlll11, _tatal .. 16' .... /1. ~. 
1 ..... /1. _'SO.. 1. .../1. B1C1a .... -.. k ._val-
t.._ the .... as... !Ill •• tIl .... po4 ,.1.1 .. of 
... ..s. ... t:M •• t. .... naae .... 1 ... _t alek.1 
_ ...,. diP' at low ..... t. ".IIl'lea. at. .... ..... 
at Id.,... ...... t. .... '1 .... a '-1 ............ . 
till. 1IW14 1Ml ... t.1tat .......... , ....... 
4~1_1aM 'by ~ al .. 1 ... tIIe .. ton tile &llV 1 • 
.. ,..It.taa a' .1 ........... , .... lq ...... 14 .... 
_J 
.... , •• ~ 1'18. I ... -.1 ____ Sa 
--.. 1'11. 
T.AJnZ 't'l1 
EJliiC! a. CtltB'lft aJ81!t .&lID ~ 
.MtB Ul c._, 
.... :!' tftIIp. ca .... De ..... '..." . 
18 .. c. ltriP' at .... tIlI11 .... _.t-. .......... 
ca.n.t._ 
11 •• C. lWlPt at ':t. 41t11 --''--- ... cu.l .... leRl 
10 ... pt aau ..... ..,.. •• -J.P' ..... 
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